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(54) Sensor protection from downhole fluids 

(57) Sensors such as transducers for use in the oil 
and gas industries are protected by a buffer system 
which has a first chamber (140) open to the environment 
(eg. well fluid), a second chamber (22) fluidly connected 
to the first chamber (140) by a first conduit (130); a sen- 
sor chamber (26) fluidly connected to the second cham- 
ber (22) by a fluid conduit (1 04) and having a transducer 
(32); the two conduits and chambers being filled with a 
viscous liquid and arranged to prevent well fluids reach- 
ing the transducer even over an extended period of time. 
The first conduit (130) can employ capillary repulsion to 
impede entrance of wellbore fluid, and the second con- 
duit can be an extended curled capillary, entrance to the 
curled capillary being located proximate the bottom of 
second chamber (22). 




FIG. 3 
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Description 

The present invention relates generally to an appa- 
ratus and method for protection of fragile sensors and, 
more particularly, to a system using a buffer for protec- s 
tion of transducers used in the oil and gas industry. 

Downhole memory gauge systems may be used to 
measure, record, store, and/or transmit information con- 
cerning environmental conditions and physical phenom- 
ena, such as temperature and pressure ; in locations 
within and about a wellbore. In many cases, the informa- 
tion is important for establishing and regulating operating 
parameters for downhole procedures. Known gauge 
systems typically employ one or more sensors that are 
capable of sampling a particular condition, such as tem- 
perature or pressure, and means for recording and stor- 
ing or transmitting this information for interpretation at 
the surface More advanced gauge systems include fea- 
tures for monitoring changing well conditions, conserv- 
ing power, and for evaluating Ihe sensor's own status. 
Some gauge systems are self-contained in that they ob- 
tain and store information within themselves for use only 
after the system has been extracted from the wellbore. 
Others are capable of transmitting information to remote 
locations for real time readouts. Commonly, this will be 
surface readout of downhole well conditions. 

A popular and effective pressure sensor used in the 
oil and gas industry is a quartz crystal transducer that 
relays signals via gold conductor strips to insulated cop- 
per transmission wires. Information about well conditions 
would be most accurately gathered by immersing the 
crystal directly in the wellbore fluids. Contact of the trans- 
ducer with wellbore fluids may, however, invalidate the 
readings and damage the transducer. The crystal, gold 
strips, wires and epoxies used to connect the gold strips 
to the wires are susceptible to damage from chemicals 
and contaminants found in the wellbore fluids, such as 
H 2 S. Other sensor types include sensitive components 
that may be similarly harmed. 

Oil and grease filled chambers have historically 
been used to safeguard crystal transducers. The trans- 
ducer is immersed in the oil and grease chamber and 
located therein. The oil and grease will not harm the crys- 
tal and therefore provide an effective barrier to the harm- 
ful fluids. These more viscous and substantially incom- 
pressible fluids are retained within the chamber by the 
naturally occurring capillary attraction between the oil 
and grease and the walls of the chamber. 

Protection against wellbore fluids is particularly im- 
portant in systems that are self-contained and may re- 
main downhole for extended periods of time. Over time, 
wellbore fluids tend to infiltrate gauge systems and reach 
the components of the transducer. Fluid may infiltrate the 
gauge systems by physically displacing protective oil 
surrounding the transducer or contaminants and gases 
may dissolve into the surrounding oil and migrate to the 
crystal. 

In current systems, a crystal transducer acting as a 



sensor is placed within a chamber that is connected to 
a buffer system. The buffer system is covered with a sur- 
rounding outer housing having an interior that defines a 
buffer chamber. The crystal chamber and the buffer 
chamber are in fluid communication with the wellbore. 
Therefore the sensor may be exposed to the potentially 
harmful external conditions to be monitored. The silicon 
oil in the crystal chamber may be contaminated by well- 
bore fluids entering through the outer housing and pass- 
ing through the buffer system. One buffer system in- 
cludes a single, helical or curled capillary tube, known 
as a buffer tube, that is positioned adjacent to the crystal 
chamber and within the outer housing. The tube allows 
fluid communication between the wellbore and the inte- 
rior of the crystal chamber. Capillary attraction between 
the oil and the interior walls of the tube slows progress 
of the wellbore fluid toward the crystal transducer. For 
contaminating fluids or solids to reach the crystal, they 
must either displace, dissolve into, or pass through the 
oil along the length of the capillary lube. This arrange- 
ment, however, is only effective to a limited degree in 
preventing wellbore contaminants from reaching the 
transducer components. 

Alternatively, closed systems that eliminate the 
opening between the crystal chamber and wellbore arc 
known. These systems incorporate an accordion-like 
folded metal bellows within the outer housing. Closed 
systems are less sensitive to well bore parameters than 
open systems. They are also not field serviceable since 
it is not practical to service and fill the closed housing. 
Additionally, if the closed system is opened, re-calibra- 
tion of the sensor contained therein may be necessary. 

We have now found a way of protecting transducers 
and other sensors. 

In a first aspect, the invention provides a buffer insert 
for placement within a transducer buffer chamber in a 
memory gauge system, to protect a transducer, the buff- 
er insert comprising: 

(a) a first fluid resistance path to impede fluid flow 
from a first buffer chamber into a second buffer 
chamber, the first path including a capillary tube: and 

(b) a second fluid resistance path to impede fluid 
flow from the second buffer chamber to a transducer 
within the memory gauge system, the second path 
including a capillary tube. 

The invention also provides a memory gauge for de- 
termining downhole environmental parameters, said 
gauge comprising: 

(a) a power source; 

(b) a controller/power converter section; 

(c) a transducer section, comprising 
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(1 ) a ported transducer housing; 

(2) a transducer disposed within said housing; 

(3) a butler chamber defined by a butler cham- s 
ber housing, the butter chamber being disposed 
below said transducer housing; and 

(4) a butter insert within said buffer chamber, 
said buffer insert comprising: 

a. a first fluid resistance path to impede fluid 
flow into the buffer chamber, the first path 
including a capillary tube; and 

b. a second fluid resistance path to impede 
fluid flow f rom the butter chamber to a trans- 
ducer within the memory gauge system, the 
second path including a capillary tube. 

The invention further provides a buffer system for 
protecting a transducer mounted within a housing with a 
fluid bore, said transducer being in communication with 
a wellbore for receiving information on wellbore fluids, 
the buffer system comprising an enclosure adapted to 
be mounted on the housing; said enclosure having a first 
closed end. with a first bore therethrough for communi- 
cation with the fluid bore and a second closed end having 
a second bore therethrough in fluid communication with 
wellbore fluids; said enclosure having an annular cham- 
ber formed by a longitudinal member extending between 
said first and second closed ends; said second bore ex- 
tending from the second closed end through said longi- 
tudinal member; said longitudinal member including a 
transverse bore communicating said second bore with 
said annular chamber adjacent said first closed end; a 
capillary tube helically wound around said longitudinal 
member and disposed within said annular chamber, said 
capillary tube having a first end connected to said first 
bore in said first closed end and a second end open ad- 
jacent said second closed end; a passage being formed 
by said second bore, said annular chamber, said capil- 
lary tube, and said first bore, said passageway being 
tilled with oil; whereby the wellbore fluids must migrate 
the entire length of said passage to move the transducer. 

The invention additionally provides a buffer system 
for a fragile sensor used to evaluate environmental con- 
ditions, said buffer system having a communications 
path comprising: a first chamber open to the environment 
at an inlet; a second chamber fluidly connected to said 
first chamber by a first conduit; a sensor chamber fluidly 
connected to said second chamber by a second conduit; 
said first and second conduits each having an inlet and 
an outlet; said first and second chambers and said first 
and second conduits filled with a fluid sufficiently viscous 
to be retained therein as a result of capillary attraction 
between said fluid and the interior walls of the chambers 
and conduits; and the outlet of said first conduit being 
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distally located within the second chamber from the inlet 
of the second conduit by a distance approximating a 
length of said second chamber thereby causing any fluid 
exiting the first conduit to be dumped into said second 
chamber away from and without direct transfer to said 
second conduit. 

The invention effectively provides two buffer cham- 
bers, one within the other, and these are included in a 
communications path between, for example, the well- 
bore and the crystal sensor. Since a primary goal of the 
present invention is to prevent contaminating fluids and 
solids from directly contacting the sensor, an extended 
and tortuous communication path is provided between 
the well fluids and the sensor. Heavy fluids, such as oils 
and greases, are employed as barriers within the buffer 
chambers and communications path. In a typical config- 
uration, a first buffer chamber closest to the well fluid is 
filled with a viscous grease and a second and interior 
buffer chamber is filled with less viscous oil. Both the 
grease and oil, however, do not support shear forces and 
therefore transmit pressure differentials along the com- 
munications path while at the same time resisting extru- 
sion and displacement from the containment of the path. 

The first buffer chamber is created by the exterior 
housing of the memory gauge system. The second buffer 
chamber is included within an improved buffer insert that 
is carried within, and in fluid communication with the first 
buffer chamber. A reduced diameter, extended length 
conduit is provided between the two buffer chambers. 
An inlet to the conduit is open to the first buffer chamber 
and a length of the conduit extends within the buffer in- 
sert to an outlet that is located proximate to a top end of 
the second buffer chamber. The conduit is filled with oil 
and because of the conduit's relatively small diameter 
and extended length, the oil tends to remain therein and 
resist displacement due to the oil's capillary attraction to 
the interior walls of the conduit. In this way, the oil filled 
conduit serves as a contaminant resistant barrier. Any 
fluid that is displaced from the conduit flows from the out- 
let into the top end of the second buffer chamber. An out- 
let from the second chamber is located proximate a bot- 
tom end. Therefore, the second chamber itself provides 
a buffering distance over which a contaminating fluid or 
solid must pass before louling the sensor. The outlet from 
the second chamber serves as an inlet into a curled cap- 
illary tube that provides the next section of communica- 
tions path. Like the conduit and second buffer chamber, 
the curled capillary tube is filled with silicon oil that is re- 
sisting movement along the communications path due to 
capillary attraction. 

The buffer insert impedes effective infiltration of 
wellbore fluids through dual resistance paths. The first 
resistance path includes the inlet conduit that resists en- 
trance of wellbore fluids to the buffer chamber. The sec- 
ond resistance path includes the extended curled capil- 
lary and impedes migration of wellbore fluid chemicals 
and contaminants toward the transducer. 

Testing has shown the system of the present inven- 
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tion to greatly reduce contact between the transducer 
and wellbore fluids. 

In order that the invention may be more fully under- 
stood, embodiments thereof will now be described, by 
way of example only, with reference to the accompany- 
ing drawings, wherein: 

Figure 1 shows an exemplary schematic illustration 
of a self-contained downhole gauge system shown in a 
downhole location and, in dot-dash lines, in a surface lo- 
cation connected by an interface to a computer. 

Figure 2 shows a prior art buffer tube arrangement. 

Figure 3 shows an embodiment of a butler system 
constructed in accordance with the present invention. 

Referring first to FIG. 1, an exemplary memory 
gauge system of the self-contained variety is illustrated. 
Although this type of system is described in much greater 
detail in our U.S. Patent No. 5,153,832, it will be briefly 
discussed here. A self-contained downhole gauge 2 is 
disposed in a wellbore 4 by a suitable hoisting or tool 
carrier means 6 of a type known in the art. For example, 
the carrier 6 may be a wireline either having or not having 
the ability to transmit data from the gauge to the surface, 
Alternatively, the carrier 6 may be a drill string of which 
the gauge 2 is a part and that is raised and lowered such 
as by a draw works and travelling block as known in the 
art. 

FIG. 1 also shows the gauge 2 located at the surface 
and connected by an electronic interface 8 to a computer 
system 10 in a dot-dash outline. Where a self-contained 
gauge is used, communications do not occur between 
the surface and the gauge 2 when the gauge 2 is located 
in the wellbore 4. The interface 8 and the computer sys- 
tem 10 are, therefore, used to communicate with the 
gauge 2 only when it is at the surface. Such communi- 
cations can occur, prior to lowering the gauge 2 into the 
wellbore 4, for the purpose of entering information or pre- 
setting variables within the gauge 2 or, after the gauge 
2 has been withdrawn Irom or extracted from the well- 
bore 4, for reading the stored information from the gauge 
2 into the computer system 10 so that the information 
can be analyzed. 

As described further in U.S. Patent No. 5,153,832, 
an exemplary gauge 2 is made of three detachable seg- 
ments or sections that are electrically and mechanically 
interconnectable through multiple conductor male and 
female connectors that are mated as the sections are 
connected. These three sections are contained within re- 
spective linearly interconnectable tubular metallic hous- 
ings of suitable types as known in the art for use in down- 
hole environments. As illustrated in FIG . 1 , the three sec- 
tions of gauge 2 include (1 ) a transducer section 12, (2) 
a controller/power converter and control/memory section 
14 and (3) a power source/battery section 16. 

Referring now to FIG. 3, there is shown an exempla- 
ry transducer section 12 that incorporates a buffer sys- 
tem constructed in accordance with the present inven- 
tion. It is also noted that connections between compo- 
nents, where not specifically described, are shown sche- 



matically and comprise known connection techniques 
such as threading and the use of elastomeric O-ring type 
seals and metal-to-metal (MTM) seals for fluid tightness 
where appropriate. The transducer section 12 generally 

5 includes an outer housing 1 8 and a transducer housing 
24 that supports a bufler insert 100. The insert 100 in- 
cludes a second or buffer chamber 22 that is initially filled 
with a heavy, viscous oil. 

The exterior of the outer housing 18 is disposed into 

10 the well 4 and immersed in the wellbore fluids. Outer 
housing 1 8 includes a downwardly facing opening or inlet 
21 into a first chamber 140 created within the interior of 
the housing 18 that is typical of an open system and that 
permits fluid access to the internal components of the 

75 gauge 2 such that wellbore conditions may be reliably 
monitored. 

The transducer housing 24 features a sensor or 
transducer chamber 26 having a downwardly facing fluid 
communication port 28 ending in a nipple 30. Transducer 

20 32 is maintained within the chamber 26 and typically 
comprises a quartz-type crystal transducer. The trans- 
ducer housing 24 may include lateral sockets 34 for use 
in assembly and disassembly of the gauge. External 
threads 36 secure the transducer section 1 2 to the lower 

2B outer housing 16. 

The buffer insert 100 within transducer section 12 
includes an upper connector 44, a stem 120, a second 
conduit or primary capillary 104, and an inner housing 
20. Upper connector 44 is received in the upper end of 

30 inner housing 20 and is connected, via threaded connec- 
tion 27, to nipple 30. The lower end of transducer housing 
24 is received within an enlarged L^ore in the upper end 
of connector 44. Connector 44 also includes a reduced 
diameter bore for receiving nipple 30. The depth of these 

35 bores is greater than the related projecting portions of 
transducer housing 24 : thereby forming a generally an- 
nular gap. An annular gap is in fluid communication with 
the port 28 at nipple 30. 

Upper connector 44 includes a side port 45 there- 
to through and a centrally disposed, downward facing con- 
nector 1 1 2 having a threaded central bore 1 1 4 and lateral 
ports 116 (one shown). The connector 112 is attached 
by threaded connection 118 to the upper end of stem 
120. Stem 120 includes a narrow upper section 122 and 

45 an enlarged base 124 that is received within the lower 
end of inner housing 20 and connected to housing 20 at 
126 by threading and/or O-ring type elastomeric seals. 
A narrow secondary capillary or bore 130 extends the 
length of stem 120 from its upper end at central bore 114 

50 to its lower end in enlarged base 124 forming an orifice 
1 28. The bore 1 30 also defines a first conduit. An annular 
or second chamber 22 is formed between upper section 
122 of stem 120 and inner housing 20. Upper connector 
44 and base 124 close the ends of inner housing 20. Flu- 

55 id communication is provided between chamber 22 and 
bore 114 by lateral ports 116. Preferably, the base 124 
includes a recessed nipple 12g to which a vacuum hose 
(not shown) may be attached to clean the unit after use. 
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A primary capillary or second conduit 104 in the form 
of a tube is spirally wound around upper section 1 22 and 
includes a downwardly facing inlet 106 located proxi- 
mate the bottom of chamber 22, an extended helical or 
curled intermediate section 108, and an outlet 110 that 
is disposed in side port 45 through the upper connector 
44 to permit fluid communication between the chamber 
22 and the annular gap. It is noted that the intermediate 
section 108 has a length L that extends over a majority 
of the length of the interior chamber 22. Preferably, L is 
greater than 75% of the interior length of the chamber 22. 

in operation, the buffer insert 100 provides improved 
resistance to fluid migration while maintaining the sensi- 
tivity of an open system. Effectively, the buffer insert 100 
provides multiple fluid resistance paths in series. Fluid 
migration is initially impeded into the buffer chamber 22 
by capillary attraction along the length of secondary cap- 
illary 130. Once the wellbore fluid or contaminants 
traverse the length of the secondary capillary 130, they 
are ouLlelled into central bore 114 and, through lateral 
ports 116, the top 1 29 of the buffer chamber 22. The buff- 
er insert thereby provides a first fluid resistance path that 
resists migration Irom orifice 128 to areas proximate the 
top 129 of chamber 22. Once inside the buffer chamber 
22, the fluid and contaminants arc diluted within the sil- 
icon oil. Because of the viscous nature of the silicon oil, 
the wellbore fluids and contaminants will tend to remain 
localized proximate the top 1 29 of the chamber 22 rather 
than spread throughout chamber 22. 

Most wellbore fluid and contaminants will tend to re- 
main proximate the top 1 29 of the chamber 22 as they 
are lighter or less dense than the silicon oil within the 
chamber 22. Now diluted and generally localized near 
the top 129 of chamber 22. wellbore fluids and contam- 
inants must negotiate a second fluid resistance path to 
further migrate toward transducer 32. From the top 1 29 
of chamber 22, the resistance path continues downward- 
ly through the chamber 22 to the bottom 131 , into the 
downwardly facing port 106 of primary capillary 104 and 
upward through the primary capillary 104 to outlet 110. 
Capillary attraction along the intermediate section 108 
impedes fluid migration. The amounts of wellbore fluids 
and contaminants that are ultimately capable of reaching 
outlet 110 and subsequently entering port 28 from annu- 
lar gap are negligible, even over a long period of time. A 
preferred internal diameter for primary and secondary 
capillaries 104 and 130 in most applications is 
approximately .063". 

FIG. 2 illustrates a prior art buffer tube arrangement 
40 disposed within housing 1 8 and attached to the trans- 
ducer housing 24 by threaded connection 27. Prior art 
buffer tube arrangement 40 includes an upper connector 
44. A capillary or Bourdon tube 42 is disposed with the 
chamber 22 that is formed within housing 18. Capillary 
tube 42 has an inlet 46, an intermediate helical or curled 
portion 48 and an outlet 50. Upper connector 144 main- 
tains capillary tube 42 within the chamber 122 such that 
the inlet 46 is upwardly opening and maintained proxi- 
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mate the top of chamber 122. Outlet 50 is maintained in 
alignment with the port 28 and nipple 30. A central pas- 
sageway 52 within the upper connector 44 permits fluid 
communication between the outlet 50 and the port 28. 

5 It is noted that in the prior art arrangement of FIG. 

2, infiltrating wellbore fluid has direct access to the inte- 
rior of the buffer chamber 1 22 through opening 23 : that 
is relatively large. Typically, the opening 23 is approxi- 
mately one inch in diameter. As may be appreciated, this 

to arrangement permits upwardly migrating wellbore fluids 
to infiltrate the protective silicon oil within chamber 27 
across a wide area. To reach the crystal transducer 32, 
infiltrating wellbore fluid and contaminants within the fluid 
must travel upward through the opening 23 into the upper 

is portion of chamber 122 before they can enter inlet 46. 
Once fluid and contaminants have entered inlet 46, they 
must negotiate the length of the intermediate helical por- 
tion 48 and enter port 28 through outlet 50. The interme- 
diate portion 48 is curled or formed in a helical manner. 

20 The prior art intermediate portion 48 extends a longitu- 
dinal distance L' that is less than half of the avai lable lon- 
gitudinal dimension of chamber 122. As a result of the 
greater length L of the intermediate section 108 of the 
present invention, resistance to contamination is im- 

25 proved over the prior art. 

A 45-day field test of a buffer insert arrangement 
constructed in accordance with the described embodi- 
ment of the present invention has been conducted. A 
memory gauge system containing the insert was placed 

30 inside a dynamic gas well and subjected to an average 
operating temperature of 325° and pressure of 
5000-8000 psi. The sensor provided readings for the en- 
tire 45 day period. At the end of the test, the gauge sys- 
tem was extracted from the well and examined. No well- 

35 bore fluid had reached the sensor components. Contam- 
ination resistance of this order, using an open gauge sys- 
tem, is unprecedented. 

While the invention has been described with respect 
to certain prelerred embodiments, it should be apparent 

40 to those skilled in the art that it is no so limited. It is to be 
understood, for example, that the transducer, controller 
and other portions of gauge 2 may be of any known 
types. Components may be differently shaped and ap- 
plication may be found outside the oil and gas industry. 

45 

Claims 

1. A buffer insert (100) for placement within a trans- 
50 ducer buffer chamber in a memory gauge system, 
to protect a transducer (32), the buffer insert (100) 
comprising: 

(a) a first fluid resistance path to impede fluid 
55 flow from a first buffer chamber (1 40) into a sec- 

ond buffer chamber (22), the first path including 
a capillary tube (130); and 
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(b) a second fluid resistance path to impede fluid 
flow from the second buffer chamber (22) to a 
transducer (32) within the memory gauge sys- 
tem, the second path including a capillary tube 
(104). 

2. A buffer insert according to claim 1 , wherein the cap- 
illary tube (104) of the second fluid resistance path 
comprises a coiled intermediate section, the inter- 
mediate section having a length that extends over a 
majority of the interior length of the second buffer 
chamber (22). 

3. A buffer insert according to claim 1 or 2, wherein the 
coiled intermediate section has a length at least 75% 
of the interior length of the second buffer chamber 
(22). 

4. A memory gauge for determining downhole environ- 
mental parameters, said gauge comprising: 

(a) a power source (16); 

(b) a controller/power converter section (14); 

(c) a transducer section (1 2), comprising 

(1) a ported transducer housing (24); 

(2) a transducer (32) disposed within said 
housing (24); 

(3) a buffer chamber (22) defined by a 
buffer chamber housing (20), the buffer 
chamber being disposed below said trans- 
ducer housing (24); and 

(4) a buffer insert (100) within said buffer 
chamber (22), said buffer insert comprising: 

a. a first fluid resistance path to impede 
fluid flow into the buffer chamber (22), 
the first path including a capillary tube 
(130); and 

b. a second fluid resistance path to 
impede fluid flow from the buffer cham- 
ber (22) to a transducer (32) within the 
memory gauge system, the second 
path including a capillary tube (104). 

5. A gauge according to claim 4, wherein the capillary 
tube (104) of the second fluid resistance path com- 
prises a coiled intermediate section within the buffer 
chamber (22). the intermediate section having a 
length that extends over a majority of the interior 
length of the buffer chamber (22). 



6. A gauge according to claim 5, wherein the coiled 
intermediate section has a length of at least 75% of 
the interior length of the buffer chamber (22). 

5 7. A bufler system for protecting a transducer (32) 
mounted within a housing (24) with a fluid bore (28), 
said transducer being in communication with a well- 
bore (4) for receiving information on wellbore fluids, 
the buffer system comprising an enclosure (20) 

10 adapted to be mounted on the housing (24); said 
enclosure having a first closed end with a first bore 
(110) therethrough for communication with the fluid 
bore and a second closed end (1 24) having a sec- 
ond bore (130) therethrough in fluid communication 

75 with wellbore fluids; said enclosure having an annu- 
lar chamber (22) formed by a longitudinal member 
(100) extending between said first and second 
closed ends; said second bore (1 30) extending from 
the second closed end through said longitudinal 

20 member (100); said longitudinal member (100) 
including a transverse bore (116) communicating 
said second bore (130) with said annular chamber 
(22) adjacent said first closed end; a capillary tube 
(1 04) helically wound around said longitudinal mem- 

25 ber (100) and disposed within said annular chamber 

(22), said capillary tube having a first end connected 
to said first bore (110) in said first closed end and a 
second end (1 06) open adjacent said second closed 
end (124); a passage being formed by said second 

30 bore (1 30), said annular chamber (22), said capillary 

tube (104), and said first bore (110), said passage- 
way being filled with oil: whereby the wellbore fluids 
must migrate the entire length of said passage to 
move the transducer (32). 

35 

8. A system according to claim 7. wherein said first 
closed end is above said second closed end causing 
the well fluids with a lighter density than said oil to 
accumulate in said annular chamber (22) adjacent 

40 said transverse bore (116) thereby hindering well- 
bore fluids from reaching the transducer. 

9. A buffer system for a f ragile sensor used to evaluate 
environmental conditions, said buffer system having 

45 a communications path comprising: a first chamber 
(1 40) open to the environment at an inlet (21 ); a sec- 
ond chamber (22) fluidly connected to said first 
chamber (140) by a first conduit (130), a sensor 
chamber (26) fluidly connected to said second 

so chamber (22) by a second conduit (104); said first 
(130) and second (104) conduits each having an 
inlet (128, 106) and an outlet; said first (140) and 
second (22) chambers and said first (1 30) and sec- 
ond (104) conduits filled with a fluid sufficiently vis- 

55 cous to be retained therein as a result of capillary 
attraction between said fluid and the interior walls of 
the chambers and conduits; and the outlet of said 
first conduit being distally located within the second 
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chamber (22) trom the inlet (106) of the second con- 
duit by a distance approximating a length of said 
second chamber (22) thereby causing any fluid exit- 
ing the first conduit (1 30) to be dumped into said sec- 
ond chamber (22) away 1rom and without direct 5 
transfer to said second conduit (104). 

1 0. A system according to claim 9, wherein said second 
conduit (104) is a coiled capillary tube. 
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(57) Sensors such as transducers for use in the oil 
and gas industries are protected by a buffer system 
which has a first chamber (t 40) open to the environment 
(eg. well fluid), a second chamber (22) fluidly connected 
to the first chamber (1 40) by a first conduit (1 30); a sen- 
sor chamber (26) fluidly connected to the second cham- 
ber (22) by a fluid conduit (1 04) and having a transducer 
(32); the two conduits and chambers being filled with a 
viscous liquid and arranged to prevent well fluids reach- 
ing the transducer even over an extended period of time. 
The first conduit (1 30) can employ capillary repulsion to 
impede entrance of wellbore fluid, and the second con- 
duit can be an extended curled capillary, entrance to the 
curled capillary being located proximate the bottom of 
second chamber (22). 
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